Background: Positive associations have been found between quality of life, emotion regulation strategies, and heart rate variability (HRV) in people without intellectual disabilities. However, emotion regulation and HRV have rarely been investigated in people with intellectual disabilities. Assessment of subjectively reported quality of life and emotion regulation strategies in this population is even more difficult when participants are also visually impaired. Methods: Subjective and objective quality of life, emotion regulation strategies, and HRV at rest were measured in a sample of people with intellectual disabilities and concomitant impaired vision (N = 35). Heart rate was recorded during a 10 min resting period. For the assessment of quality of life and emotion regulation, custom made tactile versions of questionnaire-based instruments were used that enabled participants to grasp response categories. Results: The combined use of reappraisal and suppression as emotion regulation strategies was associated with higher HRV and quality of life. HRV was associated with objective quality of life only. Emotion regulation strategies partially mediated the relationship between HRV and quality of life. Conclusions: Results replicate findings about associations between quality of life, emotion regulation, and HRV and extend them to individuals with intellectual disabilities. Furthermore, this study demonstrated that quality of life and emotion regulation could be assessed in such populations even with concomitant impaired vision with modified tactile versions of established questionnaires. HRV may be used as a physiological index to evaluate physical and affective conditions in this population.
Background
Quality of life refers to the general well-being of an individual. While most humans can provide information about this quite easily, the assessment of quality of life in people with intellectual disabilities can be challenging. Research in people without intellectual disabilities shows that specific emotion regulation strategies are differentially related to quality of life and to physiological indices. In this paper, we first outline the concept of quality of life and its assessment in people with intellectual disabilities.
Research on different emotion regulation strategies and their relationships with quality of life is then discussed. Finally, associations between cardiac autonomic regulation and both emotion regulation and quality of life are presented and findings integrated to explore whether emotion regulation (assessed by both subjective and physiological indices) was associated with quality of life in an intellectually and visually impaired adult population.
Quality of life
In 2006, the Convention on the Rights of Persons with Disabilities stated that people with disabilities should receive wide-ranging habilitation and rehabilitation services to achieve the highest level of independence, inclusion, participation, and abilities in the fields of health, employment, society and education (United Nations 2006) . Since the 1980s, quality of life has become an important measure within intellectual disability research to measure these goals (Cummins 1997) .
According to Cummins et al. (1994) , quality of life can be divided into an objective and a subjective dimension. The subjective dimension comprises two components: importance and satisfaction. On all three parts of quality of life, i.e. objective quality of life and importance of and satisfaction with subjective quality of life, seven domains are represented. These domains are material well-being, health, productivity, intimacy, safety, place in community and emotional well-being (Cummins et al. 1994 ). Assessing quality of life -particularly its subjective components -in people with intellectual disabilities is difficult (McVilly et al. 2008 ) and many measures lack good psychometric properties (Townsend-White et al. 2012) . The Comprehensive Quality of Life Scale for people with intellectual disabilities (Com-QOL-ID, Cummins et al. 1997 ) is one of the few measures that meet criteria of good psychometric properties and theoretical background. The Com-QOL-ID is the only instrument that measures objective and subjective quality of life on different axes as recommended in the literature (Townsend-White et al. 2012) . Furthermore, it is the only standardized and sufficiently validated quality of life measure for people with intellectual disabilities available in German (Krüger 1998) .
Emotion regulation
"Emotion regulation refers to the process by which we influence what emotions we experience, when we do so, and how we experience and express them" (Gross 2002, p. 282) . Two of the most often investigated emotion regulation strategies are cognitive reappraisal and expressive suppression (e.g. Webb et al. 2012 ). While cognitive reappraisal refers to a change of thoughts about a situation, expressive suppression implies the inhibition of emotional expression and behavior. Both strategies are differently associated with quality of life and psychopathology such that cognitive reappraisal has been found to be a rather adaptive emotion regulation strategy while suppression appears to be maladaptive. For example, infrequent use of emotional reappraisal strategies was associated with reduced quality of life in patients with multiple sclerosis in addition to the effects of disease severity (Phillips et al. 2009 ). In non-clinical samples, suppression was positively correlated with depressive symptoms and rumination while reappraisal was negatively related with rumination and neuroticism (Gross and John 2003; Abler and Kessler 2009) . However, recent research has also emphasized that people have a repertoire of emotion regulation strategies that they use flexibly depending on circumstances (Bonanno et al. 2004) . Furthermore, the use of adaptive emotion regulation strategies can compensate for the use of maladaptive strategies and, therefore, prevent psychopathology (Aldao and Nolen-Hoeksema 2012) .
Research on emotion regulation in people with intellectual disabilities is rare (McClure et al. 2009 ). Wilson (1999) found that children with developmental delay apply less effective strategies of emotion regulation than children without developmental delay. Similarly, children with developmental delay had lower scores on the emotion regulation subscale of the Bayley Behavior Scales than those without developmental delay (Baker et al. 2002) . Nevertheless, children with intellectual disabilities had no disadvantage in expressing or regulating their emotions compared to typically developing children in a study by Baurain and Nader-Grosbois (2012) .
Heart rate variability
Heart rate variability (HRV) refers to the variation of heart beat intervals and is influenced by sympathetic and parasympathetic input to the sino-atrial node of the heart. Increased high-frequent parasympathetically (vagally) mediated modulations increase HRV while increased low-frequent sympathetic activation (sympathovagal imbalance) decreases HRV (Task Force of The European Society of Cardiology and The North American Society of Pacing and Electrophysiology 1996). Higher vagal-cardiac control or higher HRV reflects higher cardiovascular flexibility. This enables an organism to quickly adapt to changing environmental requirements. Moreover, the neurovisceral integration model provides a link between prefrontal and subcortical brain structures and the autonomic regulation of cardiac activity Lane 2000, 2009; Thayer et al., 2012) . Because of those associations, HRV has also been proposed as an index for self-regulatory strength (e.g. Segerstrom and Solberg Nes 2007; Smith et al. 2011) . In line with this, higher HRV is associated with more adaptive emotion regulation (Appelhans and Luecken 2006) . For instance, adolescents who reappraised an anger-inducing situation had higher resting HRV than those who ruminated about their anger (Vögele et al. 2010) . In a study by Aldao and Mennin (2012) , healthy controls had higher HRV when instructed to implement adaptive emotion regulation strategies, e.g. reappraisal, during an emotion-eliciting film clip. Besides those studies that investigated emotion regulation strategies in a specific situation in the lab, it has also been found that the habitual use of more adaptive emotion regulation strategies, e.g. reappraisal, is associated with higher HRV (Geisler et al. 2010) .
HRV has rarely been investigated in people with intellectual disabilities. First evidence suggests cardiac autonomic dysregulation in adolescents with mental retardation (Gorbunov 2004) or individuals with Down syndrome (Baynard et al. 2004) . Most recently, it has been reported that adults with intellectual disabilities had lower HRV than adults without intellectual disabilities (Chang et al. 2012 ).
Aims and hypotheses
As noted above, both HRV and quality of life are associated with distinct emotion regulation strategies. It appears that the habitual use of reappraisal in particular is related to higher HRV and higher quality of life. Recently, it could be shown that HRV is also indirectly associated with subjective well-being. Geisler et al. (2010) studied the relationships between HRV, satisfaction with life, and the habitual use of executive emotion regulation strategies which included refocusing, reappraisal, planning, putting into perspective, and distraction. They found that more frequent use of executive emotion regulation strategies was associated with higher HRV and higher satisfaction with life. A direct association between HRV and satisfaction with life, however, could not be found. Instead, they found an indirect relationship such that the impact of HRV on satisfaction with life was mediated by the use of executive emotion regulation strategies.
In the current study, we assessed quality of life, emotion regulation strategies, and HRV in a sample of individuals with intellectual disabilities and concomitant impaired vision. Due to their visual impairment, these individuals only receive restricted information through their visual modality and, therefore, the visual presentation of selfreport measures is extremely difficult. Receiving information via the tactile or haptic modality is particularly important in those people (McLinden 2012) . To accommodate the difficulties with visual perception and need for tactile information, we modified response categories of questionnaire-based instruments to three-dimensional objects.
We hypothesized positive relationships between all three variables. Specifically, as HRV has been (indirectly) associated with higher quality of life (e.g. Geisler et al. 2010) and with the habitual and situation-specific use of adaptive emotion regulation strategies, e.g. reappraisal (e.g. Geisler et al. 2010; Vögele et al. 2010) , we expected that HRV would be (at least indirectly) positively related to quality of life and to the habitual use of reappraisal. Based on the fact that the use of adaptive emotion regulation strategies, e.g. reappraisal, is related to a higher quality of life (e.g. Geisler et al. 2010 ) and that adaptive emotion regulation strategies are particularly effective in reducing psychopathology when maladaptive strategies are also present (e.g. Aldao and NolenHoeksema 2012), we expected that reappraisal would be positively correlated with quality of life, particularly in combination with high suppression. Subsequently, we tested whether the use of specific emotion regulation strategies mediated the relationship between HRV and quality of life.
Methods

Ethical approvals
This research was undertaken with the understanding and written consent of each participant and, where required, their legal representatives. The study protocol followed the Declaration of Helsinki (World Medical Association 2008). It was also independently reviewed and approved by the ethical board of the medical faculty at the University of Würzburg, Germany.
Participants
Participants (N = 35) were a convenience sample of residents of an institution for individuals with intellectual disabilities and concomitant visual impairment in Würzburg, Germany. Approximately half of the sample (54.29%) were women (n = 19). Mean age was M = 35.03 years (SD = 7.94) and mean body-mass-index (BMI) was M = 26.67 kg/m 2 (SD = 5.44). Participants either had an amaurosis (n = 10) or had a maximum sight of 30% with visual aid. Four participants were on medication for hypertension.
Heart rate recording
Measurement of heart rate was performed at rest with the heart rate monitor Polar RS800CX (Polar Electro Oy, Kempele, Finland) for 10 min. For analysis and calculation of HRV the software Kubios HRV 2.0 (Tarvainen et al. 2009 ) was used. Only the last five minutes of the collected data were used for calculation of HRV to ensure that data reflected resting conditions. Inter-beat interval series were corrected for artifacts using the default settings of the program. Trend components were removed with the smoothness priors detrending method (λ = 500).We chose the root mean square of successive differences (RMSSD) as a measure of HRV. This parameter is recommended as a measure of vagal-cardiac outflow because of its robustness, e.g. against changes in breathing rate (Task Force of The European Society of Cardiology and The North American Society of Pacing and Electrophysiology 1996, Penttilä et al. 2001) . As an additional index of parasympathetically mediated HRV, we performed a spectral analysis (Fast Fourier Transformation) and determined high frequency components (0.15-0.4 Hz) both as high frequency power (HF ms 2 ) and normalized units (HF nu = HF ms 2 / (total power ms 2 -very low frequency ms 2 )). RMSSD and HF ms 2 were log-transformed (ln) because of skewed distribution.
Comprehensive Quality of Life Scale -Intellectual Disability (Com-QOL-ID)
The Com-QOL-ID ; German version by Krüger 1998) was specifically developed for individuals with intellectual disabilities. It measures objective and subjective quality of life. The subjective quality of life scale is further divided into importance of and satisfaction with several life domains. We only used the total scores for objective and subjective quality of life in the present study for the sake of brevity and clarity 1 . Internal consistency for objective quality of life is α = .56 and α = .68 (satisfaction) and α = .48 (importance) for subjective quality of life (Townsend-White et al. 2012) . In the original version of the Com-QOL-ID, pictures of blocks and faces are used as response options (Figure 1 ). Due to the visual impairment of our participants all blocks were enlarged and replicated three-dimensionally, so that participants could experience the blocks tactually. Furthermore, faces were modeled with clay, enlarged and painted with easily recognizable colors (Figure 1 ). The number of response options was determined individually according to the scale's manual (Krüger 1998) .
Emotion Regulation Questionnaire (ERQ)
The ERQ by Gross and John (2003) measures habitual use of emotion regulation strategies, in particular cognitive reappraisal and expressive suppression. Internal consistencies are acceptable in samples without intellectual disabilities (suppression: α = .74; reappraisal: α = .76; Abler and Kessler 2009) . In the present study, the German version of the ERQ by Abler and Kessler (2009) was modified linguistically to simplify sentences for people with intellectual disabilities (Table 1) . For each item an example was provided. The number of response options for each participant was adopted from the pre-test of the Com-QOL-ID in order to reduce the level of abstraction and complexity. One item ("I control my emotions by changing the way I think about the situation I'm in.") was assessed as too difficult and, therefore, excluded. Internal consistencies were α = .77 (reappraisal) and α = .52 (suppression) in the present study.
Procedure
A few days before the testing, participants became acquainted with the investigator. They were informed about the course of action and were familiarized with the instrument for heart rate monitoring. To ensure participants' complete understanding of the study's procedure, all steps were explained in full detail and any remaining questions answered. After a preliminary interview about demographic data, the interview on quality of life and emotion regulation followed. During a 10 min break, participants were asked to disengage from any negative thoughts and feelings they might have and to calm down and relax. After the break, heart rate was measured for 10 min. The session ended with a qualitative follow-up interview on well-being during the heart rate recording, and the participants' debriefing.
Data analysis
Three participants were excluded because of missing data leaving n = 32 in the final sample. All variables used in the subsequent regression analyses were z-standardized. We first analyzed the association between emotion regulation strategies (i.e. reappraisal, suppression, and the interaction reappraisal × suppression) and quality of life. The variable with the highest β was chosen as mediating variable in subsequent mediation analyses (i.e., whether emotion regulation strategies mediated the effect of HRV on quality of life). In addition to regression analyses, the Goodman test (Goodman 1960 ) was used to test mediation effects. All statistical analyses were tested one-tailed because of our directed hypotheses.
Results
Descriptive data of and correlations between all variables are reported in Table 2 . High frequency power was highly correlated with RMSSD and its use yielded similar results in the subsequent analyses. Therefore, only results for RMSSD are reported. Notes. Original items are from Gross and John (2003) and Abler and Kessler (2009) , respectively. The German wording is displayed in parentheses. Item #8 deemed too difficult and, therefore, was excluded. Participants were provided with an example situation for each item.
Emotion regulation and quality of life
Reappraisal and suppression were not correlated (r = -.13, ns) while a high positive correlation was found between objective and subjective quality of life (r = .60, p < .001).
The models of emotion regulation predicting quality of life were significant for both objective quality of life (F (3,28) = 3.29, p = .02, adj. R 2 = .18) and subjective quality of life (F (3,28) = 4.23, p = .01, adj. R 2 = .24). Reappraisal, but not suppression, predicted both objective and subjective quality of life (Table 3 ). The interaction of reappraisal × suppression was also a significant predictor of both objective and subjective quality of life (Table 3) . To examine the nature of this interaction, we computed simple slopes for the regressions of reappraisal on quality of life for individuals with low suppression (one standard deviation below the mean) and those with high suppression (one standard deviation above the mean; Aiken and West 1991) . Reappraisal positively predicted objective quality of life only when suppression was high (β = .65, t (28) = 2.88, p = .004), but not when suppression was low (β = -.03, t (28) = -.13, ns). Similarly, reappraisal positively predicted subjective quality of life only when suppression was high (β = .77, t (28) = 3.55, p < .001), but not when suppression was low (β = -.07, t (28) = -.26, ns, Figure 2 ). ) are displayed before log-transformation. *p < .05 (one-tailed), ***p < .001 (one-tailed). 
Mediation analyses
Objective quality of life HRV significantly predicted objective quality of life (F (1,32) = 4.45, p = .02, adj. R 2 = .10) and emotion regulation (F (1,30) = 3.36, p = .04, adj. R 2 = .10). Beta-weights are depicted in Table 4 . The overall model including both HRV and emotion regulation as predictors was also significant (F (2,29) = 4.16, p = .01, adj. R 2 = .17). While emotion regulation still was a significant predictor in this model, the influence of HRV was only marginally significant (Table 4) . Testing of the mediating effect of emotion regulation between HRV and objective quality of life was marginally significant (Goodman z = 1.42, p = .08).
Subjective quality of life
HRV was not a significant predictor of subjective quality of life (F (1,32) = .18, p = .34, adj. R 2 = -.03). The overall model including both HRV and emotion regulation as predictors was marginally significant (F (2,29) = 2.24, p = .06, adj. R 2 = .07). While emotion Step 1 HRV to objective quality of life .35 2.11 .02
HRV to subjective quality of life .08 .43 .34
Step 2 HRV to emotion regulation .32 1.83 .04
Step 3 Predicting objective quality of life Note. HRV = Heart rate variability (log-transformed root mean square of successive differences); Emotion regulation = interactive term of reappraisal × suppression.
regulation still was a significant predictor in this model, the influence of HRV was again not significant (Table 4) . Testing of the mediating effect of emotion regulation between HRV and subjective quality of life was marginally significant (Goodman z = 1.45, p = .07).
Discussion
In the current study, we assessed quality of life, emotion regulation strategies and HRV in a sample of individuals with intellectual disabilities and concomitant impaired vision. We modified existing questionnaires by using three-dimensional response categories to overcome restricted visual information processing in our participants. To our knowledge, this is the first study that (1) used such an assessment technique and (2) investigated emotion regulation and related it to quality of life and cardiac autonomic regulation in individuals with intellectual disabilities. We found that higher scores of reappraisal were positively associated with subjective and objective quality of life, replicating prior findings in individuals without intellectual disabilities (Geisler et al. 2010) . The interaction between reappraisal and suppression was also associated with high quality of life. The positive relationship between reappraisal and quality life was particularly pronounced when suppression was high or, vice versa, high suppression with concomitant low reappraisal was associated with lower quality of life (Figure 2) . Hence, the use of reappraisal may compensate for the use of suppression and, therefore, contribute to higher quality of life. This finding is also consistent with a recent study in a sample of community residents, which found that the relationship between adaptive emotion regulation strategies and psychopathology is moderated by the level of maladaptive strategies. Specifically, the negative association between adaptive strategies and psychopathology was stronger at high levels of maladaptive strategies (Aldao and Nolen-Hoeksema 2012) .
The combined use of emotion regulation strategies was also related to higher HRV. This finding is in accordance with HRV representing flexible adaptations of physiological processes, but also more adaptive emotion regulation (Appelhans and Luecken 2006, Thayer and Lane 2009) . As a result, the current study further supports the use of physiological indices to evaluate affective conditions in people with intellectual disabilities (Vos et al. 2012 ).
There was a strong association between HRV and objective quality of life. As expected, this link was (partially) mediated via the flexible use of emotion regulation strategies. No evidence was found for an association between HRV and subjective quality of life. However, mediation analysis showed a trend toward mediation of HRV on subjective quality of life also via the combined use of emotion regulation strategies. Thus, subjective quality of life and HRV appear to be indirectly associated (refer to Zhao et al. 2010 for rationale of exploring mediation effects in the absence of direct effects). The strong association between HRV and objective quality of life may be explained by the inclusion of items about physical health in this subscale 2 , a factor known to influence HRV (Thayer et al. 2010) . Beyond this relationship, however, emotion regulation strategies partially mediated the relationship between HRV and quality of life, which is largely consistent with the results from the study by Geisler et al. (2010) .
Several limitations of this study have to be mentioned. Firstly, the medium sample size may restrict generalization of our results. Secondly, there was no control group and, therefore, it cannot be evaluated if participants in our study had generally lower HRV than individuals without intellectual disabilities. However, it appears that HRV was comparable to individuals without intellectual disabilities (Sinnreich et al. 1998; Agelink et al. 2001; Nunan et al. 2010; Bertsch et al. 2012) . Thirdly, we changed the response modality of the questionnaires from visual to visuo-tactile and modified the items of the ERQ. As a result, psychometric properties may have been affected. Yet, internal consistency was acceptable, at least for the reappraisal subscale. These caveats notwithstanding, we could demonstrate associations between emotion regulation, HRV and quality of life in a sample heterogeneous in age, gender, body mass and visual impairment which favors external validity of our results.
Conclusions
Our results support positive relationships between HRV, emotion regulation, and quality of life and the mediating role of emotion regulation between these variables. Importantly, we could demonstrate that these associations also extend to people with intellectual disabilities and concomitant impaired vision. The assessment of quality of life is complex in individuals with intellectual disabilities and requires more sophisticated approaches than simple interview, e.g. multi-modal methods (McVilly et al. 2008) . Future studies may also make use of more recently developed quality of life measures, e.g. the Integral Quality of Life Scale (Verdugo et al. 2011 ). In addition, we presented new approaches for measuring emotion regulation and quality of life, namely questionnaires with visuo-tactile response modalities and assessment of HRV. The results may encourage further studies on quality of life that apply those techniques in individuals with intellectual disabilities. When both emotion regulation problems are present and HRV is low, intervention programs may be considered which have been shown to be beneficial in people without intellectual disabilities, e.g. HRV-biofeedback (Wheat and Larkin 2010) . Such interventions may boost emotion regulation abilities and, thus, may indirectly enhance quality of life in people with intellectual disabilities.
Endnotes
1 Note that we used the combined score for subjective quality of life (importance × satisfaction) as it is suggested in the questionnaire's manual. Although this procedure has been criticized, it has been found that the combined score usually behaves like the satisfaction score alone and thus does not adversely affect outcomes (Cummins 2002) . In the present study, the satisfaction score and the combined score were almost perfectly correlated (r = .99, p < .001). Accordingly, correlations when using the satisfaction score were similar to the combined score.
2 Indeed, the largest correlation between objective quality of life dimensions and HRV was observed for health (health: r = .46, p < .01; emotional well-being: r = .38, p < .05; place in community: r = .34, p < .05; safety: r = .26, p < .07; productivity: r = .10, ns; intimacy: r = -.05, ns; material well-being: r = -.16, ns).
